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Abstract
Mulching techniques have emerged in recent years to overcome soil constraints and improve fruit tree productivity. The object 
of this study was to evaluate the effects of a low-cost organic mulch application in a newly planted peach orchard under a ridge 
planting system. Three treatments were performed in 12 elementary plots using a randomized complete block design. The orchard 
was drip-irrigated. Mulch was applied in two treatments, which differed in fertigation (none vs. multi-nutrient fertigation), while 
the third treatment did not include either mulch or fertigation and served as the control. Treatments were compared in terms of their 
effects on the physical properties of the soil, crop response, and water-use efficiency. Mulch treatments did not alter the soil bulk 
density. However, the mulch significantly (p=0.0004) increased the water infiltration rate (2.21 mm/h vs. 121 mm/h), which is a 
key issue when working in high frequency irrigation systems under soil limiting conditions. Similarly, mulched treatments showed 
a more favorable water status both in the second and the third year, which was translated in a better crop response. Thus, mulched 
treatments recorded higher yields both in the second (+155%, p=0.0005) and the third year (+53%, p=0.0007) of the experiment. 
Water use efficiency (WUEagr) was higher in the mulch treatments (+50% in average, p=0.0007) than in the control in the third year 
of the study. On the basis of our results, we propose that organic-mulching techniques should be considered as a beneficial practice 
to apply in fruit-trees production under limiting soil conditions.
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Introduction
There is a global need to increase food production 
while minimizing the amount of irrigation needed. In 
this regard, the improvement of water-use efficiency 
(WUE) in arid and semi-arid agricultural regions of the 
world is of particular importance. In recent decades, 
drip irrigation (DI) systems have allowed a consider-
able increase in irrigation efficiency. Irrigation uniform-
ity is one of the major indicators for the evaluation of 
DI systems, and soil water distribution homogeneity is 
the ultimate expression of irrigation uniformity (Burt 
et al., 1997). Thus, guaranteeing the correct infiltration 
of irrigation water and its distribution within the soil 
is crucial to increase DI efficiency. 
Fruit tree plantations are increasing in the Medi-
terranean Basin, sometimes at the expense of mar-
ginal lands. Consequently, limiting soils are now 
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Experimental design and treatments applied
We evaluated the following three treatments: no 
mulch and no fertigation (C); with mulch and no ferti-
gation (M); and with mulch and fertigation (MF). The 
treatments were applied during 2010 and 2011. In order 
to study crop recovery, in 2012 (the third and final year 
of the trial) all the treatments received the same amount 
of mulch and fertigation. The experiment was organized 
in a randomized complete block design with four rep-
lications and 12 elementary plots. Each elementary plot 
had six trees, from which the two central ones were 
monitored in order to avoid edge effects. An auto-
mated drip fertigation system with auto-compensated 
emitters was implemented to supply the water require-
ments of the trees. Drip emitters supplying 0.97 mm/h 
were spaced 0.33 m apart (7.6 emitters/tree). Irrigation 
scheduling was based on a simple water budget that 
was calculated from readings taken from Alcolea de 
Cinca meteorological station located in Huesca (Spain; 
41º43’25’’ N, 0º06’45’’ E), on a weekly basis, using 
FAO methodology (Allen et al., 1998) and by using the 
crop coefficient values (Kc) proposed Doorenbos & 
Pruitt (1977) for peach crop. Final applied water re-
sulted from ETc calculations (ETo*Kc), subtracting the 
weekly rainfall and divided by the irrigation system 
efficiency (0.95 for drip irrigation). Meteorological data 
were acquired using an automatic weather station –
property of the regional meteorological service– lo-
cated 7.5 km from the experimental orchard. Fertigation 
was supplied during the whole crop cycle by applying 
a multi-nutrient solution, achieving a dose of 106 kg 
N/ha/year, 68 kg P2O5/ha/year and 170 kg K2O/ha/year 
at the end of the crop season.
For the mulch treatments (M and MF) organic com-
post (Table 1) was applied on the ridge surface at an 
application dose of 10 Mg/ha/year on mid-January in 
2010, 2011 and 2012. The organic compost application 
supposed an additional water supply of approximately 
0.4 mm/year (as estimated from application dose and 
compost properties from Table 1), which was consid-
ered as negligible since the compost was provided on 
mid-January.
Measurements
Soil bulk density was determined by the excavation 
method (Blake & Hartge, 1986), performing one meas-
urement per plot for the C and M treatments, from the 
surface to a depth of 0.2 m. The mulch layer was re-
moved in order to measure the soil bulk density. Water 
infiltration rate was measured at the ridge surface (0.2 
m from drip emitter) using the single ring infiltrometer 
being used for crop production. Such soils are con-
siderably constrained in terms of infiltration, reten-
tion, and transmission of water, and also regarding 
the salinity and/or nutrient content. A number of 
agronomical techniques can be used to improve soil 
productivity for agricultural purposes; however, 
many of them are ineffective or unsustainable. 
Mulching techniques have emerged in recent years 
to address these soil constraints yielding positive 
results in a variety of scenarios. An early study by 
Kumar et al. (1985) and other more recent studies 
(Kar & Kumar, 2007; Mubarak et al., 2009; Okonk-
wo et al., 2011; García-Moreno, 2013; López et al., 
2014; Zribi et al., 2015) reported the positive effects 
of mulches and organic amendments on soil physical 
properties, such as increased water retention and 
decreased soil evaporation. 
Organic mulches are of particular interest for the 
purposes of organic crop production since they offer a 
means not only to improve physical properties of soil 
but also its nutrient content. Thus, mulch may serve to 
ameliorate soils with limiting conditions, thus allowing 
crop production. The object of this study was to assess 
the effects of organic mulch and fertigation in a com-
mercial peach orchard on soil physical properties and 
crop response. The hypothesis was that using compost 
as mulch may improve water use efficiency in peach 
trees cultivated on limiting soils.
Material and methods
Experimental site
The trial was conducted in a commercial orchard 
of peach (Prunus persica (L.) Batsch. cv. Ryan Sun) 
grafted onto GF-677 and planted in 2010 in a ridge 
planting system, spaced 5 m × 2.5 m, in the region 
of Los Monegros (Huesca, Spain; 41º42’58’’ N, 
0º0’53’’ E). Ridges were molded using soil already 
present in the orchard by means of a rear v-blade 
attached to a tractor. Ridges were 1.5 m (bottom) 
and 1 m (top) wide and 0.8 m high. The climate is 
semi-arid Mediterranean, with an average annual 
rainfall of 350 mm. Irrigation water, characterized 
by a low salt, sodium, and nitrate content, is taken 
from the Cinca irrigation canal. The soil is a Xeric 
Torriorthent (Soil Survey Staff, 1999) developed 
from calcareous siltstones with a silt loam texture 
(USDA; 23.1% sand, 50.7% silt and 26.2% clay). 
The soil is slightly saline (saturated soil-paste ex-
tract, ECe=2.46 dS/m at 25ºC), with a pH of 8.9 and 
an organic matter content of 7.7 g/kg (0-0.3 m soil 
depth).
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A composite leaf sample was taken randomly from 
each plot on 19th July. Each sample contained 50 newly 
but fully developed mid-terminal leaves from current 
year shoots at a height of 1.5 m in the tree canopy. All 
samples were cleaned, oven-dried at 65 ºC, and ground. 
Nitrogen (N) concentration was analyzed using the 
Kjeldahl procedure. Phosphorous (P) and potassium (K) 
concentrations were determined using an inductively 
coupled plasma mass spectrograph (IPC-MS; Agilent 
7700X, Agilent Technologies, Santa Clara, CA, USA).
To determine yield and fruit quality variables, two 
trees per plot were manually harvested on July 19th 
(2011) and August 21st (2012). Fruit yield (kg/tree), 
crop load (CL; number of fruits per tree) and average 
fruit weight (FW; g/fruit) were determined. Quality 
variables such as fruit flesh firmness (FF, in N) and 
total soluble solids concentration (TSS, in ºBrix) were 
determined in a sample of four fruits per tree using a 
manual penetrometer (Penefel, Agro Technologie, 
France) and a thermo-compensated refractometer 
(Atago Bussan Co., Tokyo, Japan), respectively. The 
fruit dry matter concentration (DMC, in %) was meas-
ured in a sample of two fruits per tree using a forced-
draft oven at 68ºC. 
method (Pla, 1983). Rings 0.25 m in diameter and 0.4 
high were inserted into the soil at a depth of 0.15 m in 
order to prevent lateral seepage loss. Furthermore, a 
small soil dam was built around the cylinder. Water 
infiltration rate was measured in winter time once per 
plot during 2 hours-test (first hour for stabilization, the 
second hour for measuring). Soil electrical conductiv-
ity (ECe) was measured in a sample taken at a depth of 
0.2 m at a range of emitter distances (0, 0.8 and 1 m 
radius) at the beginning of the irrigation period (mid-
May), performing one measurement per plot. Soil 
physical measurements were performed once at the end 
of the second year (Winter 2011/12).
Tree growth was assessed by measuring the trunk 
diameter of two controlled trees per plot at the end of 
the season (at 2011 and 2012). To evaluate tree water 
status, midday stem water potential (SWP) was deter-
mined at midday at the end of development stage III 
(end of July at 2011 and 2012). For this purpose, we 
used a pressure chamber (model 3005; Soil Moisture 
Equipment Corp., Santa Barbara, CA, USA) and fol-
lowed the methods described by Shackel et al. (1997). 
The measurements were performed by taking one leaf 
per tree in two controlled trees per plot.
Table 1. Main physical and chemical characteristics of the compost used in the experiment.
Variable Unit Value Method
Humidity % 41.0
Dry weight (d.w.) % 59.0
pH 7.8
Electrical conductivity dS/m 6.4
Organic matter g/kg dw 433 Muffle furnace (450°C)
Organic carbon g/kg dw 217 –
Total organic nitrogen g/kg dw 16.7 Kjeldahl
C/N ratio 13.0
Ammoniacal nitrogen (NH4) g/kg dw 3.3
Phosphorus (P2O5) g/kg dw 71.5
Potassium (K2O) g/kg dw 10.4
Chrome (Cr) mg/kg 45.1 ICP-Plasma
Cadmium (Cd) mg/kg 0.71 ICP-Plasma
Lead (Pb) mg/kg 20.4 ICP-Plasma
Copper (Cu) mg/kg 119 ICP-Plasma
Zinc (Zn) mg/kg 316 ICP-Plasma
Mercury (Hg) mg/kg 0.66 ICP-Plasma
Nickel (Ni) mg/kg 36.5 ICP-Plasma
Plastic materials % dw 0.33
Salmonella sp. UFC/g none ISO 16140
Escherichia coli UFC/g none UNE-EN ISO 9308-1:2001
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Agricultural WUE index (WUEagr; kg/m3) as defined 
by García Tejero et al. (2011) was determined as the 
ratio between economic yield (kg/ha) and total water 
(irrigation+rainfall) applied (m3/ha):
WUEagr (kg/m3) = Yield (economic) / (Irrigation + 
Rainfall)
A linear mixed model for analysis of estimated mar-
ginal means (EMM) was built to separate treatment 
effects. The Tukey Honestly Significant Difference 
(THSD) post hoc test was used to compare soil physi-
cal properties and crop response data across treatments. 
The treatment effects on the average fruit weight were 
evaluated by means of analysis of covariance (AN-
COVA) using number of fruits per tree as a covariate. 
Statistical significance was set at p=0.05.
Results
Soil properties 
Differences in soil physical properties between M 
and C treatments were observed (Table 2). The infiltra-
tion rate (mm/h) was 50 times higher in the mulch 
treatment than it was in the control treatment (2.21 vs. 
121 mm/h; p=0.0004). As for the soil bulk density (0-
0.2 m depth) no significant differences (p>0.05) be-
tween treatments were found, suggesting that the mulch 
did not alter the soil bulk density. The average soil bulk 
density varied between 1.79 Mg/m3 for the control 
treatment and 1.66 Mg/m3 for the mulch treatment. 
No significant differences (p>0.05) between the M 
and C treatments regarding the ECe at any distance to 
the emitter (0, 0.8 and 1 m) were observed. However, 
there were significant differences between emitter 
distances regardless of the applied treatment. Soil EC 
ranged from 0.74 to 25.2 dS/m in C treatment and from 
0.80 to 30.8 dS/m in the M treatment (0 and 1 m emit-
ter distance). Soil salinity increased by more than 30 
times within one-meter emitter distance.
Tree growth and yield response affected by 
soil and nutrient treatments
The total amount of water supplied in 2012 was 817 
mm; 560 mm were supplied through irrigation, 257 mm 
were provided by rainfall events. Irrigation season in 
2012 started on March 6th and finished on October 20th. 
These data was used to calculate the WUEagr for 2012 
season (Table 3). 
The analysis of variance revealed differences among 
treatments with respect to vegetative growth, plant 
water status, and yield response (Table 3). Differences 
in trunk diameter growth were observed in all the treat-
ments in 2011 (p<0.0001) and 2012 (p=0.0016) sea-
sons. The control treatment recorded the lowest values 
of trunk diameter in 2011 (40.5 mm) and 2012 (65.6 
mm) seasons while the greatest values were observed 
in the MF treatment (mulch plus fertigation) for both 
seasons (57.6 and 81.8 mm in 2011 and 2012 seasons, 
respectively). Significant differences of trunk diameter 
growth were observed between M and MF treatments 
for both seasons. Figure S1 (online supplement), shows 
the growth difference between control and mulched 
trees on 16th April 2010, during the first development 
stages.
There were significant differences between treat-
ments regarding SWP before harvest in 2011 
(p<0.0001) and 2012 (p<0.0001). The lowest values of 
midday SWP were observed in the control treatment 
for both seasons (-1.21 and -0.63 MPa). Regarding 
yield, significant differences were observed between 
treatments in 2011 (p=0.0005) and 2012 (p=0.0007) 
seasons. While the MF treatment recorded the highest 
yield in 2011 (2.9 kg/tree) we did not observe signifi-
cant differences between the control and the M treat-
ment. However, it is important to mention that overall, 
the yield values can be considered to be commercially 
low for all the treatments in 2011 (less than 2,500 kg/
ha). In 2012, significant yield differences were ob-
served between the control and the mulched treatments 
(p=0.0007, Tukey HSD test). The mulched treatments 
(M and MF) recorded the highest yield values with no 
Table 2. Mean values of soil bulk density (ρb), soil infiltration rate (vi), and saturated soil paste- 
extract electrical conductivity (ECe) at a depth of 0.2 m at various emitter distances (0, 0.8 and 1 m). 
Treatment ρb 0-0.2 m(Mg/m3)
νi at surface
(mm/h)
ECe0 m
(dS/m)
ECe 0.8 m
(dS/m)
ECe 1 m
(dS/m)
C 1.79 2.21 b 0.74 1.6 25.2
M 1.66 121 a 0.80 1.6 30.8
Prob>F ns 0.0004 ns ns ns
Values followed by different letters indicate significant differences according to the Tukey HSD test 
(p-value 0.05).
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cant differences for P and K content between the con-
trol and both the mulched treatments. 
We observed significant differences between treat-
ments for many quality variables measured both in 
2011 and 2012 seasons (Table 5). While dry matter 
concentration was found to be the highest in the control 
treatment (p=0.0042, Tukey HSD test) we did not ob-
serve significant differences between treatments regard-
ing this variable in 2012. The MF treatment recorded 
the lowest values of TSS among all the treatments both 
in 2011 and 2012 seasons (p<0.0001 and p=0.0002, 
respectively). In 2011, the control treatment recorded 
16 ºBrix, 2.5 ºBrix more in average than the MF treat-
ment. In 2012 such difference was reduced by 1.2 
ºBrix. We observed significant differences between the 
control and the mulched treatments regarding the fruit 
firmness both in 2011 and 2012. While we observed 
that the lowest values of FF in 2011 were found in the 
control treatment, the next season the same treatment 
recorded the highest FF values (p=0.0003).
The mean values for the average fruit weight (in 
g/fruit) and the average number of fruits per tree (crop 
load) for the different treatments can be observed in 
Table 6 (seasons 2011 and 2012). We observed sig-
nificant differences between treatments regarding the 
crop load for both seasons (2011 and 2012). While 
the MF treatment recorded the greatest values of CL, 
significant differences between them regardless the 
fertigation. In 2012, the mulched treatments increased 
the yield by 55% in average as compared to the control 
treatment (from 18.7 to 28.2 kg/tree). There were sig-
nificant differences between treatments regarding the 
agricultural water use efficiency (p=0.0007). The 
WUEagr in the MF treatment was 64% higher than in 
the control treatment. 
Significant differences between treatments were 
observed regarding leaf nutrient content (Table 4). 
While the MF treatment recorded the highest leaf nutri-
ent (N, P and K) content, the lowest values were ob-
served in the control treatment. Significant differences 
were observed for N concentration between M and MF 
treatments (p=0.001, THSD test). There were signifi-
Table 3. Mean values of trunk diameter (TD), midday stem water potential (SWP) before 
harvest and yield in 2011 and 2012, and water-use efficiency (WUE) in 2012.
Treatment 
TD (mm) SWP (MPa) Yield (kg/tree) WUEagr 
(kg/m3) 
20122011 2012 2011 2012 2011 2012
C 40.5 c 65.6 c -1.21 c -0.63 c 0.9 b 18.7 b 1.91 b
M 53.1 b 73.9 b -0.86 a -0.59 b 1.7 b 26.6 a 2.72 a
MF 57.6 a 81.8 a -1.05 b -0.54 a 2.9 a 30.8 a 3.14 a
Prob>F <0.0001 0.0016 <0.0001 <0.0001 0.0005 0.0007 0.0007
Values followed by different letters indicate significant differences according to the Tukey HSD 
test (p-value 0.05).
Table 4. Mean values of nutrient content in peach leaves in 
the second experimental year (July 2011). 
Nutrient
Treatment
C M MF Prob > F
N (%) 1.79 b 2.17 b 3.03 a 0.001
P (%) 0.11 b 0.17 a 0.19 a 0.0006
K (%) 1.41 b 1.96 a 2.12 a 0.0095
Values followed by different letters indicate significant differ-
ences according to the Tukey HSD test (p-value 0.05).
Table 5. Mean values of dry matter concentration of the fruit (DMC), total soluble solids content 
(TSS) and fruit flesh firmness (FF) values for the 2011 and 2012 crop production. 
Treatment
2011 2012
DMC (%) TSS (ºBrix) FF (N) DMC (%) TSS (ºBrix) FF (N)
C 20.4 a 16 a 48.7 b 13.6 13.1 a 58.7 a
M 17.5 b 14.1 b 72.0 a 13.8 12.6 a 54.7 b
MF 16.9 b 13.5 b 71.5 a 13.1 11.9 b 54.6 b
Prob>F 0.0042 <0.0001 <0.0001 ns 0.0002 0.0003
Values followed by different letters indicate significant differences according to the Tukey HSD test 
(p-value 0.05).
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niques, as well as mechanical land conditioning. Soil 
adequacy techniques lead to a considerable deteriora-
tion of the physical properties of soil, which in turn 
triggers soil degradation and erosion (Nacci, 2001). 
Here we show that the application of organic mulch 
impeded both soil crusting and soil sealing, which in 
turn enhanced the water infiltration rate and conse-
quently reduced surface runoff and ridge soil degrada-
tion. 
Many studies performed with ridge planting systems 
have reported enhanced soil physical properties, result-
ing in improved performance in many crops (Roth et 
al., 2005; Lordan et al., 2013). We found that soil salin-
ity around the drip-wetted area was considerably lower 
than that at the outer area of the ridge (in M treatment, 
ECe at 0 m=0.8 dS/m vs. ECe at 0.8 m=30.8 dS/m) 
(Table 2). However, no differences were found between 
treatments, with a suitable non-saline environment 
being available in the root zone of all the treatments. 
Ridge systems provide a better root environment, re-
duce water logging, and increase irrigation efficiency 
(Khan et al., 2010). However, they clearly reduce the 
drip infiltration surface. We observed that this variable 
was reduced by 80% compared with a non-ridge system 
(0.33 m2/dripper vs. 1.65 m2/dripper). This reduction 
may pose an irrigation management issue when work-
ing with drip irrigation systems in which water is ap-
plied at high frequency. As Currie (2007) reported, 
these phenomena may lead to high soil degradation and 
ultimately to low irrigation efficiency, especially in 
limiting soil conditions. Ridge planting systems may 
facilitate crop production under such conditions, al-
though the system itself may reduce the drip infiltration 
surface, leading to soil degradation problems and low 
irrigation efficiencies. Under these conditions, mulch 
techniques may provide an effective remedy since its 
application causes a decrease in soil crusting and seal-
ing and a notably improvement in the hydraulic prop-
erties of soil.
the control treatment had the lowest values, both in 
2011 (p=0.0018, THSD test) and 2012 season 
(p=0.0283, THSD test). There were no significant 
differences between treatments regarding the average 
fruit weight in 2011. However, fruit weight differ-
ences were significant in 2012 (p=0.0283). Regarding 
the CL variable in 2012, we observed an increase of 
60% of fruits per tree in average when both mulch 
and chemical fertigation was applied (C vs. MF treat-
ment).
Discussion
Physical properties of the soil 
While topsoil bulk density (0–0.2 m) was similar 
among treatments, the water infiltration rate differed. 
Although the mulch covered the whole ridge surface, 
it affected only the first millimeters of the soil, prevent-
ing soil crust formation and deterioration of topsoil 
structure. These results indicate that mulch did not 
affect the soil bulk density, although the water infiltra-
tion rate improved considerably (2.21 vs. 121.04 
mm/h), thereby pointing to a better water distribution. 
Similarly, Merwin et al. (1994) reported significant 
differences in the hydraulic properties of soil in various 
groundcover management systems. After a 6-year trial, 
those authors found that both the cumulative infiltration 
of soil water and water sorptivity were enhanced after 
organic mulch treatment, while the soil bulk density 
remained unaltered. It therefore appears that the hy-
draulic properties of soil could be modified, depending 
on factors such as soil type, mulching material, or 
mulch application rate. 
Recent decades have witnessed the conversion of 
marginal areas into agricultural land in the Mediter-
ranean Basin. This change has brought about drastic 
changes in crop management and soil tillage tech-
Table 6. Mean values of crop load and average fruit weight for 2011 and 2012 crop production. 
Treatment
Crop load Average fruit weight (g/fruit)
2011 2012 2011 2012
C 6 b 111 b 162 169 b
M 10 b 155 a 179 172 ab
MF 15 a 177 a 189 175 a
Prob>F 0.0018 0.0035 ns 0.0283
Values followed by different letters indicate significant differences according to the Tukey 
HSD test (p-value 0.05). Average fruit weight (FW) data was evaluated by means of analysis 
of covariance (ANCOVA) using number of fruits per tree as a covariate. Note: Covariate for 
average fruit weight in 2011 was found non-significant; covariate for average fruit weight in 
2012 was found significant (Prob>F=0.0106).
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Similarly, Merwin et al. (1994) and Okonkwo et al. 
(2011) showed that mulch applications improved soil 
water retention and infiltration, which in turn enhanced 
crop response. Mulch application at a rate of 10 Mg/ha/
year may allow an ammoniacal N supply of 20 kg/ha/
year (estimated from Table 1 data). Since mulch is ap-
plied on the soil surface and most of the nitrogen is in 
an ammoniacal form, much of it may be lost by volatiza-
tion (Teira Esmatges, 1998). Under these agronomic 
conditions, crop N requirements might be around 60 and 
120 kg N/ha/year (Rufat et al., 2010). Therefore an N 
supply of 20 kg/ha/year, as best-case scenario, would 
not cover total crop needs. Mineralization of the compost 
organic matter may provide an additional supply of this 
nutrient, although it could be considered a long-term 
supply since rate of mineralization is slow under semi-
arid conditions (Teira Esmatges, 1998). For instance, 
Merwin & Stiles (1994) demonstrated that organic mulch 
applications improve tree growth and yield. However, 
those authors reported that, under their experimental 
conditions, supplemental fertilizers were required to 
provide essential elements. 
Regarding production variables (Table 3), trees in 
the MF treatment gave the highest yield in 2011. The 
difference between the yield in the MF treatment with 
respect to the M and C treatment was attributed to the 
number of fruits since average fruit weight was similar 
among treatments (Table 6). Average fruit weight was 
not affected by average number of fruits per tree since 
the number of fruits per tree as a covariate was found 
to be non-significant by ANCOVA. However, it is im-
portant to consider that in 2011 the overall fruit produc-
tion was low for all treatments. In 2012 the recovery 
in yield attributed to mulch application and fertigation 
was notable since there were no significant differences 
between MF and M treatments. However, the lowest 
yield was obtained in the C treatment. In 2012, yield 
differences were attributed to the number of fruits per 
tree and average fruit weight, which were greater in M 
and MF treatments (Table 6). However, in 2012, the 
average fruit weight was affected by crop load, as it 
was found to be significant in the ANCOVA test 
(p=0.0220). The average fruit weight in 2012 was less 
variable among treatments (FW2012=172.4±5.9 g/fruit 
vs. FW2011=176.3±24.0 g/fruit). Crop yield was notably 
improved by mulch and fertigation. 
Fruit quality variables differed among treatments. 
Fruit dry matter concentration for the C treatment was 
greater than that of M and MF treatments, suggesting 
that in 2011 fruits from the C treatment were partially 
dehydrated (Table 5). This finding is consistent with 
other studies that reported increases in peach dry matter 
content under high water stress conditions (Marsal et 
al., 2006; Lopez et al., 2007). Furthermore, fruits from 
Crop response
Trees under the M treatment showed greater growth 
compared to the C treatment, with an increase of 37% 
and 13% in 2011 and 2012, respectively. Trees under 
the MF treatment achieved the greatest growth among 
all the treatments, with an increase of 9% and 11% 
compared to the M treatment in 2011 and 2012, respec-
tively. As shown in the 2011 results, mulch was respon-
sible for the greater part of increase in tree growth, 
although chemical fertigation contributed, as reflected 
by a growth difference between the M and MF treat-
ments. According to the leaf nutrient analysis (Table 4), 
fertigation led to an increase in N uptake since leaf N 
content in the MF treatment (3.3%) was greater than 
that of the M and C treatments (2.2 and 1.8%, respec-
tively). N content values below 2.4% in a peach crop 
may be indicative of N deficiency (Johnson, 2008), 
while values around 2.5 and above are found to be 
normal in late peach cultivars under temperate condi-
tions (Rufat & DeJong, 2001). Leaf P and K content 
were greater in the M and MF treatments than in C. In 
the latter treatment, these concentrations (0.11 and 
1.41% for P and K, respectively) were in a deficiency 
range for a peach crop (Johnson, 2008). In 2012 all the 
treatments received the same amount of mulch and 
fertigation. We observed a partial tree growth recovery 
for the C treatment. However, after two years of dif-
ferential treatment (2010 and 2011), differences were 
still apparent. 
SWP before harvest is a good indicator of crop water 
status (Shackel et al., 1997). Both in 2011 and 2012, 
trees in the M and MF treatments showed a more fa-
vorable water status (Table 3) since they had higher 
water potential values than those not receiving mulch 
(C treatment). Furthermore, the SWP values in 2011 
were slightly lower than those in 2012, suggesting that 
the crop was under a more favorable water status in the 
last year. In 2012 mulch and fertigation were applied 
on all treatments, nevertheless the differences between 
them although were minimal (if compared to 2011 
season) could be explained by carry over effects on tree 
growth. In addition the SWP values in all treatments 
were in a non-stress range according to Girona & Fer-
eres (2012).
The physical properties of ridges may improve pro-
gressively, year by year, as a result of periodical or-
ganic mulch applications (10 Mg/ha/year), crop root 
activity, and irrigation management. Similarly, Ru-
bauskis et al. (2004) and Yin et al. (2012) found that 
mulch application improved tree water status of apple 
and sweet cherry crops, respectively. Under our ex-
perimental conditions, mulch enhanced crop growth 
and water status. 
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the C treatment presented a higher total soluble solids 
concentration and lower flesh firmness values than fruits 
treated with mulch in 2011. These lower flesh firmness 
values could be attributed to water stress (Table 3), as 
previous studies have reported accelerated fruit matura-
tion under deficit irrigation (Gelly et al., 2004; Naor, 
2006). In addition, high values of total soluble solids 
concentration under the C treatment could be related to 
water stress during the final stages of fruit development 
(stage II and III) or may be caused by a lower individ-
ual fruit weight and a higher dry matter concentration, 
as proposed by Rufat et al. (2010).
In 2012 there were differences in total soluble solids 
and fruit firmness, although dry matter content was 
similar among all the treatments, suggesting that water 
status did not show great differences between treatments. 
However, the soil in the C treatment still had a worse 
water status than that of the other treatments (Table 2). 
This may have affected the total soluble solids in the fruit. 
The fruit firmness registered in the C treatment was 
higher than that of fruit from the M and MF treatment, 
although the values of this variable varied in a narrow 
range, from 58.7 N (C treatment) to 54.7 and 54.6 N (M 
and MF treatments). We conclude that in 2012 all the 
treatments were under mild water stress (Table 3), which 
may have affected various quality attributes (TSS and 
FF), although it did not affect fruit dry matter content. 
Regarding irrigation efficiency, mulch treatments (M 
and MF) showed the highest agricultural WUE values 
(kg/m3). These values were significantly greater than 
those obtained in the C treatment (WUEagr C=1.91 vs. 
WUEagr M=2.72 vs. WUEagr MF=3.14). Agricultural 
WUE was calculated for the third experimental year 
since it was considered to be the first year at full fruit 
production. The average WUEagr for all treatments (2.6) 
was low compared to other related studies (García 
Tejero et al., 2011) although it should be considered 
normal in a peach orchard in third year’s production. 
Differences were evident in spite of the three treatments 
receiving the same amount of fertilizer and mulch in the 
third year. These differences in WUE could be attrib-
uted to the fact that during the two first years the fruit 
yield potential differed between treatments, consequent-
ly affecting fruit yield and WUE in the third year. How-
ever, our results demonstrate that mulch enhanced both 
fruit yield and irrigation efficiency, as reported in other 
crops (Mukherjee et al., 2012; Zhao et al., 2012). 
Our findings support the use of the ridge planting 
system for crop production under limiting soil condi-
tions. Many producers in the Mediterranean area are 
shifting to this system. However, ridge planting tech-
niques reduce the drip infiltration potential. On the 
basis of our results, we propose that mulching tech-
niques can provide an effective solution to this draw-
back. Such techniques were observed to significantly 
improve the physical properties of the topsoil, which 
in turn enhanced the hydraulic properties of the matrix 
and improved crop response. Mulch improved crop 
growth, fruit yield, and also WUE. Moreover, mulch 
had a greater effect on crop response than fertigation. 
This observation highlights the relevance of soil factors 
on crop performance. In addition, our results reveal the 
importance of an early application of mulch techniques, 
preferably during crop establishment. As shown in this 
study, mulch techniques enhanced crop precocity, as 
mulched trees reached maturity earlier. 
This work advocates that there is a need to find more 
efficient and soil sustainable crop production tech-
niques to apply under limiting soil conditions and en-
courages further research concerning this issue. 
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